The application of the maximum entropy spectral analysis to the chronotropisms of heart rate diurnal rhythm in a horse was examined. As the sampling interval and the order of the autoregressive model (model order) had to be determined before the estimate by maximum entropy method (MEM), these parameters were examined. As the results, 5-or 10-minute interval and N (the number of data)/2 for the estimate of over a 6-hour period and N/5 for that of the 1-to 6-hour period were adequate for the sampling interval and the model order. It was presumed that by the MEM using these parameters, the heart rate diurnal rhythm of this horse had approximately 1-, 4-, 5-, 9-, and 26-hour periods.
It is well known that many physiological phenomena such as heart rate, body tem perature, breathing, etc, in humans have a period of approximately 24 hours, namely circadian rhythm [9] . In horses, it has been reported that circadian rhythms exist in heart rate, body temperature, cortico steroid production, etc. [3-5, 8, 17] . But most of their reports did not use the sta tistics method to analyze circadian rhythms. Only Evans estimated the periodicity of the body temperature and heart rate circadian rhythms by the cosiner method [4] . The cosiner analysis is useful to estimate whether the observed data is fitted to the circadian rhythm, namely, the known single period such as the 24-hour period [11] .
In biorhythms, there are many types of rhythms according to their lengths or periods, not only circadian rhythms. Therefore, it is necessary to apply the maximum entropy method (MEM) of spectral analysis to estimate many chronotropic components at the same time. Originally, this method has been used for the periodic analysis of diastrophism in the field of geography and recognized as the method in that the resolution property of the power spectrum is considerably superior and the positions of the poles point out accurate frequencies even if the time-series data includes the irregular fluctuations and is a short length [18] .
Before induction of MEM, we must examine and determine the criterion for choosing the order of the autoregressive model (model order) that is to be fitted to the time-series data. It is known from experience that too short model order results in a highly smoothed estimate, whereas an excessive one introduces spurious detail into the spectrum [18] . Ostuka et al, have analyze the diurnal variations of heart rate and blood pressure in humans [12 , 15] and cardiac bradvarrhythmia in rats [13 , 14] . Also Kashiwamura and Shinde have showed the fluctuations in body temperature of a cow consisted of the circadian and the ultradian rhythm of a 120-to 480-minute period with using the maximum entropy spectral analysis [7] . These authors, however, have not presented a method of computing the required model order.
Furthermore, it is known that the sam pling interval influences the precision of time-series analysis, that is, the signal-tonoise ratio of the time-series data will be high if the interval is suitable to that data but the actual chronotropisms will be erased if the improper interval is used [2] .
In this paper, the sampling interval of heart rate and the required model order for applying the maximum entropy spectral analysis to the heart rate diurnal rhythm of a horse were investigated and the availability of this method was discussed.
Condition. A male Thoroughbred horse of 8 years old was used for this study. The electrocardiograms were recorded contin uously for 24 hours with Holter electrocar diograph (Fukuda Denshi, SM-29) , which was placed in the bag (25 x 50 cm) on his back attached to the saddle girth . The horse was stabled in a standard stall and could move freely in the enclosure during 24 hours. The feeding times were 7: 30 and 16: 00, and the water was given ad libitum. After recording, the number of P waves per minute was counted from the electrocardiogram tracings and then three time-series data consisted of 1440, 288 and 144 points with sampling intervals of 1-, 5-and 10-minute were provided (Fig . 1) . Three model orders for MEM were chosen as follows : these were the order calculated by the Akaike final prediction error cri terion (FPE) [1] , N (the number of data) /5 and N/2 proposed by Ulrych and Bishop [18] . The maximum entropy spectral analysis was performed by the general purpose computer (NEC, PC-9801 VX21) with the soft programmed by BASIC language [2, 10, 18] . The frequency bandwidth of the spectral analysis was 0 to 0.0003 Hz, over an approximately 50-minute period, and the realization of the power spectrum was 300-point. Analysis and Estimation. The effects of the sampling interval and the model order to the power spectrum of the spectral anal ysis were examined (Fig. 2 ). Power spectra of MEM which were estimated with the model order of FPE to three time-series data collected at 1-, 5-and 10-minute in tervals, showed the smoothed spectral lines with a pole of the sector type at the low frequency bandwidth. In cases of MEM which were estimated with the model order of N/5 to three time-series data, power spectra also showed the smoothed spectral lines with two poles at the low and high frequency bandwidths. On the other hand, power spectra of MEM, estimated with the model order of N/2 to three time-series data, showed the sharp spectral lines with many poles and then 26.1-, 8.7-, 5.3-, 3.9-, and 1.4-hour periods were determined from five poles with high amplitudes . Therefore, whether these periods were fitted to the original time-series data were examined by the nonlinear least squares method. The calculated curve by that method was suited to the origi tim series data visually and statistically (Figs. 3  and 4 ). These have suggested that MEM can estimate accurately the equine heart rate diurnal rhythms.
In this study, power spectra had always no differences among three sampling inter vals, whereas the model order had a great effect on those as many poles appeared into the power spectrum when the model order was a long length as N/2. However, most of poles with high amplitudes pointed out actual chronotropisms.
It was suggested that many significant poles were contained in a pole of the sector type at low fre quency bandwidth in estimates with the model orders of FPE and N/5. In addition, we considered that a pole recognized at high frequency bandwidth in estimates with the model order of N/5 showed the period typified many poles with low am plitudes at the same bandwidth in those with N/2. Ohtomo has recommended an approximately N/2 as the model order for the analysis of the blood pressure diurnal rhythm in humans [11] . In the maximum entropy spectral analysis of equine heart rate diurnal rhythm, however, we proposed that it was necessary to determine the model order corresponding to the estimated fre quency bandwidth such as: N/2 for the estimate of the low frequency bandwidth of over the approximately 6-hour period and N/5 for the high frequency bandwidth of the 1-to 6-hour period were adequate to the model order. We could use any of the timeseries data sampled at 1-, 5-and 10-minute intervals because power spectra did not change by sampling intervals.
It was thought that 5-and 10-minute intervals were convenient for the sampling interval as the results of the consideration into disadvantages such as the computation time, time complexity and space com plexity.
Furthermore, it was shown that the heart rate diurnal rhythm of a horse examined in this study had approximately 1-, 4-, 5-, 9-, and 26-hour periods. It was thought that a 26-hour period was correspondent to cir cadian rhythms [9] and a 9-hour period indicated the feeding interval of daytime from 7: 30 to 16: 00, which was a 8.5-hour period. Kashiwamura and Shinde [7] have reported that fluctuations in body temperature of a cow had the ultradian rhythm of the 120-to 480-minute periods. In addition, Shimada [16] has found oscillations in mean arterial pressure, heart rate, cardiac output, and total peripheral resistance with periods near 1.5 hours in dogs. Perhaps two 4-and 5-hour periods and a 1-hour period may indicate the heart rate variations that related to the equine body temperature diurnal rhythm and show that the cardiovascular system is controlled cyclically at that period in horses. Thus, the detailed causes of these period will be cleared by the spectral analysis to the periodicities of equine body temperature, blood pressure, environmental factors, be havior, etc. In conclusion, the maximum entropy spectral analysis was able to estimate equine Special Analysis of Heart Rate heart rate diurnal rhythms with accuracy. It was considered that we could know quantitatively the variations in equine biorhythms, the rhythms affecting per formances and the effect of travel [6] by this method. In addition, the equine appli cation of MEM will be expected in the pathologic analysis of cardiovascular dis eases, autonomic nervous function, the effect of drugs, etc.
